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Studying  the  Ilmrdaess  of  Tuagsten  at  Teiqperatura 
Raiigea  of  frco  20-2700* 

hy 

G.  S.  Pisarenko  and  V.  0.  Borisenko 


1.  The  develoiEient  of  modern  electric  power  mchine  eonstruetica  and  atede  energy 
actually  depends  upon  providing  same  with  the  necessary  mtorials,  eapable  of  ra* 
listing  the  effects  of  various  types  of  power  and  thermal  loads  under  eoaditioos  of 
high  and  ultrahigh  temperaturesa  For  these  purposes  are  frequently  used  aueh  hi^ 
melting  materials  as  tungsten,  tantalum,  molybdenum,  niobium,  their  allogra  and  com' 
pounds  whose  physical-mechsnical  properties  must  be  investi^ptad  in  a  wide  range  of 
temperatures  of  free  20  •  over, 

To  solve  this  problem  it  is  necessary  to  make  ccnplex  investigations,  eonneetsd  with 
the  development  of  new  methods  and  creation  of  suitable  experirmtal  installations, 
which  allow  a  sharp  rise  in  the  e:.isting  temperature  level  of  many  kinds  of  bi^  tea  ^ 
perature  mechanical  tests. 

In  the  strength  department  of  the  Ceramet  .  and  special  Alloy  Inst,of  the 
Academy  of  Sciences  Ckr-S£R  was  developed  a  series  of  methods  and  original  installs-* 
tions  for  complex  InveEtigation  in  an  inert  medium  the  power  characteristica,  plasti¬ 
city,  hard'.ess  and  elasticity  constant  of  a  whole  series  (perspeetiTB  and  already 

used)  materials  in  a  wide  range  of  temperatures  from  20  to  3000* 

\p 


In  the  given  repork  are  briefly  described 
certain  results  of  investigating  the  temper¬ 
ature/hardness  depei^enee  of  the  most  high 

melting  metal  tungsten  at  temperatures  of 

Fig.l,Testing  of  samples  bt  the  laethod  20-2700* 
of  unilateral  flattening,  * 
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2/*In  view  of  the  fact  that  the  tunperature  level  of  hardness  ueasurcaeats  until 
our  experlBsents  were  carried  out  ever  that  breueh  was  1650«1800*,  ve  sade  it  ou*  task 
to  investigate  the  hardness  at  teoperatures  of  2000*3000**  for  vfieh  it  was  first  of 
all  necessary  to  develop  a  method  and  to  construct  a  suitable  installation* 

';>'ith  such  a  suitable  method,  thoroughly  developed  at  the  at  the  ^ergetie  department 
of  the  I1>;SS  of  the  Acaden^'  of  Sciences  U)cr«SSR  came  a  method  of  vnilatey^l!  flattening 
conical  models  (fig.l).  This  methodj^J  when  applying  the  installation  as  proposed  by 
us’^^  enabled  to  raise  the  temperature  level  and  to  determine  hardness  at  temperatures 
of  up  to  2700®, 

The  method  offers  the  possibility  of  datsmining  hardness  in  a  modiua  of  purified 
inert  gases  -  argon  or  helium.  At  a  temperature  range  of  20-1,50^  hardness  was  measured 
by  the  method  of  static  impression  of  a  saphira  indentor  of  standard  propar  four  eeffner 
pyramid  with  an  angle  between  opposite  edges  of  I36*  (according  to  GOST  2999-59)* 

At  temperatures  of  1750-2700®  hardness  was  determined  by  data  of  ULlleteral  flatten*’ 

Ing  of  conical  models  with  an  angle  at  the  top  of  120*  in  accordance  with  fomula 

-  1,2732  (I) 

where  load  on  the  sample,  which  is  applied  through  punch,  kg)  ?-arsa  of  the  impres¬ 
sion,  which  is  forced  on  the  sample  after  flattening,La:?)  d-  diameter  of  impression* 

TOffU 

'..liea  detexninlag  hardness  by  the  method  of  static  ioprassing  of  an  indentor  the 
used  sample,  which  has  the  form  of  a  cylinder  with  a  diameter  of  8  im  and  5**7  m  in 
hel^t,  and  for  testing  by  the  method  of  unilateral  flattening  one  of  the  flat  surfaces 
of  the  mentioned  cylinder  was  additionally  cona  processed  with  an  angle  at  the 
top  of  120®. 

The  loads  applied  to  the  sample  to  make  the  indentation*  was  SQual  to  1  kg* 
when  deteminlng  hardness  by  the  method  of  static  inprassioa*  and  5  Itff*  ^  method 
of  unilateral  flattening,  IXiration  of  load  application  to  thjfepeeliian  was  60  see* 

The  method  of  investigating  hardness  by  the  ua41ateral  flattening  method  offers 
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good  asreement  with  resulta  obtalaad  by  the  method  of  stable  Iwressioo  of  tfas  iadeo* 


Fig.2»-«pea<Ienee  of  tungstea  hard  Fig«3*T«aperaturc  dependenea  of  tungsten 

ness  upon  temperatures  hardness  in  seuUogorithaie  coordinates. 


Givsn  below  are  data  of  studying  hardness  of  sa^plessoade  of  forged  tungsten  wires 
type  VRN.  obtained  by  the  powder  metallurgy  method  of  tb*  I-ioseow  Slectrie  Langp  riant. 

Ihe  temperature  of  the  sample  in  the  range  of  20-2000*  itoO  nwasured  with  the  aid 
of  tbermoeouples  and  controlled  by  m  optical  pyiQaatar.  The  temperature  of  the  samplSt 
punch  ai^  heater  of  orer  2000*  was  meaaurad  only  with  tha  eptieal  nyroiaetar.  the  indi¬ 
cations  of  which  were  checked  by  the  malting  point  at  pure  mhlybdoao^  ^ 

To  obtain  hardness  data  by  the  method  of  unilateral  flattoning  in  the  temperatura 
range  of  I750-2700*  as  punch  material  was  used  t  zireoniuen  carbide  and  an  alloy  of 
of  hafnium  and  tantalum  carbides  in  ratio  at  li4^» 

3.  Hardness/temperature  dependence  data  of  defoonaed  and  annealed  tungsten  in  the 
range  of  temperatures  of  20-2700*  are  glTcn  in  form  of  graphs  in  figs2»%rdness  values 
of  annealed  tungsten  were  obtained  when  examining  the  masalas  during  the  qv>enehing 
from  a  temperatura  of  1730*  to  room  temperatture* 

Ihe  investigation  results  indicate  that  hardasss  of  deformad  as  wall  as  annealed 
tungsten  drops  sharply  with  the  rise  in  temper sturs  fros  20  to  3^**  *  further 

rise  in  temperature  to  I600*  hardness  ehasgss  gradually* whereby  tha  diffareaea  in  hard 
ness  of  deformad  an  annealed  metal  changes  cnly  slightly- 

It  a  temperature  of  1100-1200**  which  accordi^  to  the  A*A*BoehVBr  law  eorrasp- 

1.  liigh  melting  eoapounda  were  obtained  at  the  BCSS  of  the  leadasv  of  Seieneea  Otar¬ 
s'  by  V.l'i.Iadsrno  under  tha  sepervisiom  of  member  earra«p.of  Jesdeqr  of  Seimeea 

C.V.SaiBSGnov- 
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pondf  to  a  racryatallization  ta&peratura  («teg,of,racryat.*  (0*3  -  0*4) 
the  dlfferenoe  in  hardnaaa  of  deforsvd  and  aaaaalad  tuBgatflii  daereaaea  ra^ddly*  At 
1600^  reerjrstallization  of  the  satapla  eeaaaa  aod  the  eurraa  fuse  together  at  a  bardaaaa 
value  of  31-  hg/ai?* 

At  a  rise  In  teiqperatuxe  to  1750^*  vhlch  eonstltutea  0*55  ^malt  ^  hardnesa 

Agclif»e)  , 

oe^uosi  which  ia  connected  with  the  change  in  the  oeehaniam  of  deforioBtloat  after 
which  the  hardnesa  declined  smoothljr  and  reaches  a  value  of  17  kg/nn?  at  2000%  7«3 
kg/zDE?  at  2500^  and  6  \se/a*^  at  2700% 


4*  Ihe  teqperature/hardness  dependence  of  pure  metal  (which  has  n^  alotropie  eon' 
versions  and  does  not  age  in  connection  with  the  presence  of  admixtxires)  is  well  de¬ 
scribed  by  the  Ito>Shishckin  expreaslon|4t5j 


H^AT 


(2) 


where  T  ••  temperatiire  in  ^  Ai>hardnass  valuea*  extrapolated  in  0*K»  a-thermal  coefficient 
of  hardness* 

3y  logarithDing  expression  (2)  we  obtain  a  dependenee 


\nH  In  jr,  (3) 

which  appears  to  be  a  strai^t  line  eolation*  Vhsi  plotting  data  of  teiqperature/hard^ 
ness  dependence  in  coordinates  lnS>t^  the  characteristic  features  of  the  dependenee 
are  better  expressed* 

Ve  will  present  in  seuilogarithmic  coordinates  the  data  obtained  by  us  for  hard 
ness  of  deformed  and  annealed  tungsten,  as  well  as  the  d^ta  by  M*G*Lozinskiy  (6J  for 
annealed  technically  pure  tungsten,  also  obtained  by  the  powder  metallurgy  method  (fig*3)* 
Analysis  of  data  obtained  by  this  method  allows  to  draw  a  conclusion,  that  the 
temperature/hardness  dependence  of  deformad  ahd  annealed  tungsten  during  the  plotting 
in  semilogarithmio  coordinates  id  well  represented  by  a  broken  curve,  which  consists 
of  three  rectilinear  sections  with  charaetaristic  breaks  in  low  temperature  and  hi|^ 
temperature  zones*  In  this  way,  the  dependence  is  subject  to  the  exponential  low  (2) 
and  has  three  sections  with  two  constants  A  end  a  for  each* 
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nie  break  in  teoperature/harilae^  depeadeaee  waa  obsenred  for  a  Great  auabev  of 
fure  netalfl  •  low  tecperature  close  to  and  high  tanperaturc  elosa  to  0*5* 

^•55^*^  of  hoaologouB  tenperaturo  aoala* 

To  eoopare  the  dependenee  of  hard:;e88  changes  on  temperature  with  other  power 
characteristics  in  flg«4  is  shown  the  tenperatura  dependence  of  power  boundary  of 
deforciad  tungsten* 

'Jhen  examining  the  dependenee  »  shown  in  fig*4*  it  becomes  evident*  that  the  tem¬ 
perature  dependence  of  the  power  boundary^  of  tungstan  is  subject  to  exponentiaL  law 
and  ia  well  described  by  the  Frantaevieh-Bratskiy  exjvession^} 

where  T  -  teuperature  in  ^  B-values  of  power  boundary*extrapolated  by  0^} 
nal  eoeffieleat  of  power  boundary* 

Just  as  for  zaany  pure  metals  the  power  boundaries  (fig*4)  veil  revealed  only 
by  the  hi^  temperature  break  close  to  0*5  Ibere  are  insufficient  data  to 

detemlne  the  point  of  low  temperature  break*  but  from  report^  is  evident*  tbat 
such  a  break  does  exist  for  tungsten  elongation  at  a  hccxlogous  temper  Aura  of  the 
order  of  0*15 

Both  hl{dir>  and  lowtemperatura  breaks  in  curvaa*  which  express  teaperatnre/bardness 
dependenee  and  power  boundaries*  are  connected  with  the  change  in  the  mechanism  of 
deforoBtlan*  but  the  true  mechaniaa  of  these  ehangoa  is  still  not  ccmpletaly  explai>- 

change  in  aechanim  of  plastic  deformation  and  its  role  in  the  formation 
of  mechanical  properties  have  been  thoroughly  investigated  by  Ya.SaTakovleva  using  pure 
alusdonm^^* 

In  ratio  to  the  temperature  rise  there  is  gradual  change  (in  one  after  the  other) 
In  three  basic  deforBBtion  msefaanisms*  Ibe  changes  in  plastic  deformation  mechaniaa 


1*  Ihita  of  power  bouhdary  were  obtained  at  the  BSSS  of  the  Academy  of  Sciences  Ukr- 
EJa  "bg  7*K*Kni*asnilBD  on  species  of  tungsten  investigated  by  us* 


5 


result  in  the  appearance  la  loM^tenperatura  and  tauparatura  breaka  la  tenperatura/ 
hardness  dependence  currea  and  power  bousdarjrt  plotted  In  snaHoearitfaide  ecordixtateaa 

Lltaratitfe 

1.  Collection  ■ft’oblens  of  Hi^h  TeEveriture  Strength  in  ^hehlaa  Construetien  *ed 
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5.95  (1961).  3-  A.A.Bochrarj  lietallotffaphy.  M»tallurgiadat,l956.  7,.  j,H,v;e8throolc, 
nana,A£M,  AS,  221  (1953).  5-  2.H.retty,  J.lxi8t,tietala,89,  A,  I23  (i96o)(  6-  H,0,Lo— 
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temperature  dependence  of  Tugnaten  Sti>ength 
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